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Section 1
Introduction

This volume documents the computer code of the
ASTRAL model whose physics and supporting mathematics are
described in Volume I.* The purpose of this volume is to
provide a bridge between the physics/mathematics of the model
and the computer listing of the code. Section 2 describes
the overall program flow and the functions of each of the
routines. Section 3 describes the program input and output
with examples.

This model was designed to be both a stand-alone
model with iis own driver controlling input and output as
well as a callable subroutine whose input and output are
handled entirely through common blocks. To avoid recomputing
certain water-mass and near-field bathymetry information,
some parameters, once computed, are saved for subsequent
tracks in common blocks which must be made available in
subsequent calls by users of the subroutine capability.
Dotails of this dual approach are also <ontained in Section 3.

*Spofford (1978).
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Section 2
Basic Model Description

The following subsections delineate the individual
components of the ASTRAL model. The program can be concep-
tualized as a multi-leveled structure (Figure 2-1). The
outer level, which is driven by routine DRIVER, consists of
all parametr’c input routines (ENVIN, PARIN, TRAKIN, RCVIN),
the basic control for the ASTRAL model (ASEPTL), a routine
which smooths the transmission loss output (SMOOTH), and a
routine for output of results (TLOUT).

The next level is composed of the major components
of the ASTRAL model itself. The routines which comprise this
second level are: INITAL, RCVR, SECTON, SLOPE, AMPDP, MARCH,
TLFINT, and SMOOTH. The routines in this level, in turn,
invoke other levels of execution (e.g., SECTON calls sub-
routine TRACE, which in turn calls subroutines PERIOD, BTMLOS,

and NEWMOD).

A flow diagram (Figure 2-1) has been provided to
facilitate conceptual understanding of the sequential nature
of the execution of the model. Some license has been taken
with the composition of the flow diagram: in the situations
where a single subroutine is invoked by a nur vc of other
routines, the common module is depicted in all places where
it is actually used (e.g., subroutine SMOOTH occurs in two
places in the flow diagram).

Figure 2-2 shows the flow within the ASEPTL sub-

routine and between the subsegquent levels of subroutines.

2-1
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Blocks are meant to denote routines whose names are indicated
in capital letters. In a few more complicated routines some
of the internal flow is indicated. Figure 2-3 identifies all
subroutines and common blocks which they use.
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2.1 PROGRAM DRIVER

Program DRIVER is, as its name implies, the driver
for the program. DRIVER establishes the main common blocks
used by the program. Additionally, it calls several sub-
routines which perform a variety of utility functions. The
subroutines called by DRIVER are as follows:

Subroutine Formal params. Param. desc. Sub. desc.
ENVIN nope @==00se—mee-- reads and prints
environmental

input parameters

PARIN none @00 eeeceee-- reads and prints
other parametric
input (e.g., ranges,
source depth, etc.)

RCVIN NTRACK track number reads and prints
receiver input

TRAKIN none 0000 e—eee———— reads and prints
track input

ASEPTL none =00 @——ee—ee-- driver for ASTRAL
model

TLOUT none 0000 @ <wesee—a- prints results (viz.,

TL ar a function of
range, depth, and
frequency)

Each of the aforementioned subroutires will be dealt with in
greater detail in later sections of this volume.
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The overall flow of the program through DRIVER is

as follows:

(633

Environmental parameters (e.g., number of
profiles, number of points per profile, the
sound speed profiles themselves, etc.) are
read in. A summary of these inputs is then
printed. (ENVIN)

Parametric inputs for the specific problem

to be solved (viz., number of range points,
maximum range step, source depths, frequencies,
and the maximum number of modes) are read in.

A summary of these inputs is then printed.
(PARIN)

Data for each receiver (viz., number of tracks,
receiver depth, and near-field bathymetry) are
read in. A summary of the receiver input is
then printed. (RCVIN)

For each track specified in part 3, track
paraneters (viz., number of environments,
maximum range, immediate track slope, and
near-tfield bathymetry irdex) are read in and
printed. (TRAKIN)

Subroutine ASEPTL, the driver for the actual
ASTRAL model, i3 invoked.

Transmission loss, as a function of depth,
fr~quency, and range is printed in matrix form.
(TLQUT)

(384
|
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7. Steps 4 through 6 are repeated for each track.

3. Steps 3 through 7 are repeated for each

receiver.

The option exists for both raw ana smoothed trans-
mission loss curves to be printed. Use of the raw printout
option is controlled by the vaiue of the logical variable
DEBUG(3). If DEBUG(3) is .TRUE., the transmission loss
curve is first printed as raw data, then smoothed, and printed
again. If the value of DEBUG(3) is .FALSE., the raw data is
smoothed before printing, and then printed.

2-8




2.1.1 Subroutine ENVIN

Subroutine ENVIN is called from the main program
driver (DRIVER). It is responsible for reading the environ-
mental input parameters. Subroutine ENVIN calls no other
subroutines; once it has been executed, control returns to
the main program driver.

The following variables are established by sub-
routine ENVIN:

Variable Description Common
NPROFS number of profiles or water masses local var.
NZC(20) numb¢.. ~*f points in each profile JENVS/
IFPRE(20) loglcal variable which indicates /ENVS/

whether an environment has been
previously processed; initially
set to .FALSE.

ZE(25, 20) depth points for each profile (ft) JENVS/

CE(25,20) sound speed points for each profile /ENVS/
(ft/sec)

WVHTE(20) wave height (£ft) corresponding to JENVS/

each water-mass area

Subroutine ENVIN prints the environmental input
parameters in summary ilorm.




2.1.2 Subroutine PARIN

Subroutine PARIN is called by the main program
driver. 1t reads the parametric inputs specific tc the
problem tc be analyzed. No other subroutines are ~alled
by subroutine PARIN; once it has been executed, control is
returned to the main program driver,

The following variables are established with a
call to subroutine PARIN:

Yariable Description Common

NRMAX maximum number of range points /RANGES,
(< 400)
DRMAX maximum range step (nmi) /RANGES/
NZS number of source depths (< 3) /SRCFRQ/
NF number of frequencies (< 6) /SRCFRQ/
Z8(3) source depths (ft) /SRCFRQ/
F(6) frequencies (Hz) /SRCFRQ/
MMAX maximun number of modes (< 25) JPRCENV/
DEBUG(S) logical variable controlling /STATUS/

optional output

Subroutine PARIN prints a summary of the parametric
inputs before returning control to the main driver.
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2.1.3 Subroutine RCVIN

Subroutine RCVIN is invoked by the main program
driver. It establishes input data for each receiver to be
analyzed. RCVIN calls no other subroutines; when execution
of RCVIN is completed, control returns to the main program
driver.

The following receiver variables are established
with a call to subroutine RCVIN:

Variable Descr’ption Common
NTRACK number of tracks Formal Param,
ZK. receiver Zepth (ft) /RECVER/
FRSRCV lugical variable; set to .TRUE. /RECVER/
FRSNFB(8) logical variable; se¢ to .TRUE. /NFB/
ZNFB2(&) zero-range depth (ft) /NFB/
THNFB(8) slope angle (1ad!ans, negative /NFB/

down): THNFB < -1.5 Zfor
suspended receiver

RNFB(8) slope range (nmi) /NFB/
IBCNFB(8) slope bottom class /NFB/

Subroutire RCVIN prints a sumnary of the rezeiver
inputs before returning control to the main program dri-er.
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2.1.4 Subroutine TRAKIN

Subroutine TRAKIN is called by the main program
driver. Its function is reading the data for each track.
No other subroutines are called by subroutine TRAKIN; once
its execution is completed, control is returned to the main
program driver,

The following variables are established with a call
to subroutine TRAKIN:

Variable Description Common

NENV number of environment steps /ENVDET/
(< 400)

RMAX maximum range (nmi) /RANGES/

THBRC immediate track slope (rads)* /RECVER/

INFB near-field bathymetry index /NFB/
for this track

INDEX(400) index for water mass in each step JENVDET/

IBC(400) FNWC 1-5 (reset to 1,3,4) bottonm JENVDET/
class for each step

RENV(400) beginning range (nmi) of new /ENVDET/
environment or step

DEP(400) depth (ft) of this step JENVDET/

Subroutine TRAKIN prints a summary of the track
inputs before returning control to the main program driver.

*THBRC < - 1.5 rads for a suspended receiver

2-12




2.1.5 Subroutine TLOUT

Subroutine TLOUT is called by the main program
driver to produce, in table form, the results of the ASTRAL
model. Subroutine TLOUT is called after the data for each
track have been processed. TLOUT is called with no formal
parameters, and calls no other subroutines.

The following information is printed with a call
to subroutine TLOUT. For a detailed description of output
see Section 3.

Variable Description

IEND termination code

IR number of range steps
ZS array of source depths
F ' array of frequencies

For each range step:

1 step number
RANGE(I) range

AMPM(I,J,K) TL for range step I (at range RANGE(I)) for
K frequencies and J source depths

If the transmission loss profile is smoothed, sub-

routine TLOUT is called an additional time, after the smooth-
ing process has been executed.
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2.2 SUBROUTINE ASEPTL

The call to subroutine ASEPTL from the main program

driver invokes the actual ASTRAL model.

Subroutine ASEPTL

serves as the driver for the subroutines which comprise the
ASTRAL model and establishes the necessary common blocks.
The flow of subroutine ASEPTL is indicated in Figure 2-2.

Calls are made from subroutine ASEPTL to the following

subroutines:
Formal
Subroutine Parameters
INITAL none
RCVR INDEX(1)
SECTON INDEX(1)
MUP(1,INFB)
ATUP(1,INFB)
SLOPE MUP(1, INFB)
ATUP(1, INFB)
AMPDP RNFB( INFB)
MARCH DPNFB
TLFI..f none
SMOG TH nene

Param. desc.

Description of
subroutine

sequential
water mass
index

mode index

accumulated
intensity
loss

range to end
of slope

depth at
range RNFB

- — - v
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initializes all internal
variables

initializes parameters
for new receiver (in-
cluding its profile)
computes receiver angle
and coupling for each
mode

computes slope-conversion
effects on each mode
the receiver couples to

adjusts for effects of
immediate slope

computes direct path
intensity using
spherical spreading
and two incoherent
paths

march solution out in
range

converts intensity to
transmission loss

smooths raw trans-
mission loss curve




_-

Additional information concerning the individual subroutines
called by subroutine ASEPTL follows.
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2.2.1 Subroutine INITAL

The call to subroutine INITAL from subroutine
ASEPTL causes the initialization of all variables and arrays
internal to the ASTRAL model. The following parameters are
directly affected by a call to subroutine INITAL:

Variable Description Common block

Bottom loss parameters defined

THCRIT(S, 3) critical angle (deg) % =m=e=

BLZER(5,3) loss at minimum grazing angle = -----
(dB)

THXX(5,3) angle at which loss becomes @ ~ -—----
constant

BLXX(5,3) bottom loss at THXX (dB) = = =  =====

FBRK(4) break frequencies (Hz) @ = =  =—==--

Bottom loss angles and bottom loss by frequency class computed

THC(6,5) critical angle /BOTTOM/

BLZ(6,5) bottom loss at zero grazing /BOTTOM/
angle

THX(6,5) first angle at maximum loss /BOTTOM/

BLX(6,5) loss at angle THX _ /BOTTOM/

DBLDTH(6,5) bottom loss slope (dB/rad) /BOTTOM/

VLOSS(86) volume loss (dB/nmi) at each /VOLOSS/
frequency

Logical variables for control of processing

IFALL indicates all modes attenuated /FINISH/
below threshold; signals end
of processing (.F.)

IEND values 0-5; termination code /RANGES /
for run (0)

IFMDN(25) indicates end of mode processing /FINISH/
(.T.)

IFDONE(6,25) indicates end of processing mode /FINISH/
for each frequencv (.T.)

2-16
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. Common

Variable Description Block

Mode variables zeroed

PHIRC(6,25) mode amplitude /PHIRCV/

Tolerance levels

DBCONV conversion factor to dB re 1 yd /CONV/

TLMAX maximum transmission loss J/CONV/

AMPMIN minimum amplitude (corre- /CONV/
sponding to TLMAX)

PHIMIN minimum Eigenfunction /CONV/
amplitude

DZMIN1 minimum width for an eigenfunc- /CONV/
tion

ATTMAX maximum attenuation /CONV/

Angle increments

NAl number of angles at DTH1 /MODANG/

NA2 number angles at DTH2 /MODANG/

DTH1 angle increment for first NAl /MODANG/
angles

DTH2 angle increment for next NA2 /MODANG/
angles

TLTOL maximum TL change (for /TLSM/
smoothing) ‘

REPS range tolerance (smoothing) /TLSM/

DEPS fractional depth tolerance /TLSM/
(smoothing)

RSMAX maximum range window for /TLSM/
smoothing '

Optional debug printout is available by setting
the value of DEBUG({2) to .TRUE. Subroutine INITAL calls no
other subroutines; once its execution is completed, control
returns to subroutirc ASEPTL.
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2.2.2 Subroutine RCVR

For each new receiver (FRSRCV=.TRUE.), subroutine
ASEPTL calls subroutine RCVR. RCVR is called with one formal
parameter, INDEX(1l), ‘he index of the water masses at the
receiver.

Subroutine RCVR performs any necessary parametric
changes occasioned by the new receiver. The sound speed at
the new receiver is determined by linear interpolation.
Additional data, including the index of the first mode with
which the receiver couples and the angle at the receiver for
each mode are also computed.

The following variables are affected by a call to
subroutine RCVR:

Variable Description Common

THR(2%) angle of each mode at receiver /RECVER/
(+ radians)

DSTHR(25) solid angle of each mode at /RECVER/
receiver

MMIN index of first mode receiver /RECVER/
couples to .

FRSRCV logical variable indicating /RECVER/

presence of new receiver;
set to .FALSE. at end of sub-
routine RCVR

Subroutine RCVR calls subroutine COMPSI, which
determines the new mode parameters. The call to subroutine

COMPSI is of the form:

CALL COMPSI (IX,FHdINF(1,I1X))

2-18




where -

- IX = INDEX(1l) See ahove

PHINF(1,IX) array of Eigenfunction values

. within COMPSI the mode/frequency/
source-depth dependencies are
included in a three-dimensional
array equivalenced to PHINF(1,IX)

cemmn el wt L - P,
. . -

Additional information coacerning subroutine COMPSI follows.

Once exa2cution of subroutine RCVR is completed,
control is returned to subroutine ASEPTL.

..
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2.2.3 Subroutine COMPSI

Subroutine COMPSI computes the mode parameters
for each new environment. COMPSI may be called either by
subroutine RCVR or by subroutine MARCH. It is called with
two formal parameters, as follows:

CALL COMPSI (IX, PHINF(1,IX))
where

IX index of water mass of interest
PHINF(1,IX) array of Eigenfunction values

Initially, the sound-speed minimum is determined.
From that, the phase velocities are computed (see Volume I,
Section 2.3.4). A call to subroutine PSIRCY generates, for
each mode, the phase integral, range period, upper and lower
turning point depths, and upper and lower turning point
gradients (subroutine PSIRCY will be discussed in d2tail in
the next subsection). The call to subroutine PSIRCY is as
follows:

CALL PSIRCY(NC,ZE(l,IX).CE(l,IX),CH(H;IX).PSIZ(H,IX),RCYCZ(H,IX),
ZUP(NM,IX),ZDN(M, IX),GUP,GDN)

where
NC no. of points is curreat sound-
. speed profile
ZE(1,IX) depth of first point on profile (ft)
CE(1,IX) sound speed of first point on
profile
CM(NM,IX) phase velocity (ft/sec) of mode ¥

for environment 14
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PSIZ(M,IX) phase integral (sec)
RCYCZ(M, IX) range period (nmi)

7UP (M, IX) upper turning point depth
ZDN(M, IX) lower turning point depth
GUP upper turning point gradient
GDN lower turning point gradient

Surface loss is the next parameter to be established.
At present, zero loss is assumed for all angles, frequencies,
and waveheights. This is currently done within suabroutine
COMPSI; however, once an expression for surface loss is
available, it can readily be implemented in subroutine

SURLOS, which is currently inactive.

In the evert that su.routine SURLOS is utilized,

the calling sequence is as follows:

CALL SURLOS (STHSRF,WVHTE(IX),NF,F,SURFLS(1,}4,1X))

where
STHSRF sin(surface grazing angle)
WVHTE waveheight (ft)
NF number of frequencies
F frequency array (Hz)
SURFLS(1,4,1X) surface loss returned (dB/bounce)
M mode number
IX environment number

Subroutine COMPSI next calls subroutine EIGEN,
which computes depth-unnormalized eigenfuactions for the
source. The call to subroutine EIGEN is as follows:

CALL EIGEN(CM(M,IX),CS,STHSRF,ZUP(Y,IX),ZDN(Y,IX),GUP,GDN, CES,
XPHINF(1,1.))
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where

CS = CE(1,1IX) sound-speed at surface
CZS sound-speed at source depths
XPHINF(1,1,M) array of Eigenfunction values

(treated by EIGEN as 2-dimensional
array on frequency/source-depth)

Subroutines EIGEN, SURLOS, and PSIRCY will be discussed
subsequently.

Subroutine COMPSI returns control to subroutine
ASEPTL upon completion of execution.

2.2.3.1 Suoroutine PSIRCY

Subroutine PSIRCY computes mode parameters for
each new environment. PSIRCY is invoked by a call from
subroutine COMPSI. Computations are made for each layer
in the sound speed profile, and are dependent on the computed
value of the gradient at each point. The gradient value
specifies whether or not the point in question is a turning
point. PFor a non-zero gradient, the range period and the
vhase integral of each mode in the new environment are

adjusted.
The following variables are affected by a call
to PSIRCY:
Variable _ Description
PSIZ(M,IX) phase integral (sec) of mode ¥ for
environment IX
RCYCZ(M, IX) range period (nmi)
ZUP(M,IX) upper turning point depth
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Variable . Description

ZDN(M, IX) lower turning point depth
GUP upper turning point gradient
GDN lower turning point gradient

For a complete treatment of the methodology involved in
the computations, see Volume 1, Section 3.2.2.

Subroutine PSIRCY calls no other subroutines; once
its execution is complete control is returned to subroutine
COMPSI.

2.2.3.2 Subroutine SURLOS

Subroutine SURLOS computes surface losses in dB
ner bounce for each specified frequency. At present, sub-
routine SURLOS returns a value of zero for all surface
losses. This can easily be modified with placement of an
appropriate expression for surface loss in the subroutine.

The following variables are affected by a call
to subroutine SURLOS:

Variable Description

STHSRF sin(surface grazing angle)
WVHTE waveheight (ft)

NF’ no. of frequencies

F ' frequencies (Hz)

SURFLS(1,M,IX) surface loss (dB/bounce) mode Y
_ environment IX

Subroutine SURLOS calls no other subroutines; once
execution is completed, control returns to subroutine COMPSI,
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2.2.3.3 Subroutine EIGEN

Subroutine EIGEN is called by subroutine COMPSI to
compute depth un-normalized source eignfunctions. These
eigenfunctions are functions of the upper and lower turning
point depths, upper and lower turning point gradients, source
depth, and frequency.

Geometric limits on intensity and the corresponding
diffraction-limit angle are initially set. Then, for each fre-
quency, the lower turning point scale factors and limits of
diffraction (e.g., minimum angle before diffraction limits
intensity, caustic limit on intensity, and depth scale factor)
are determined. A check is made to determine whether tae
mode is totally internally refracted (RR) or refracted at
depth and surface reflected (RSR). Based on this informa-
tion, appropriate calculations of the upper turning point
scale factors and diffraction limits are made.

It is then determined whether the upper and lower
turning point regions overlap. If overlap exists, the
region of overlap is defined, and a linear interpolation
between the upper and lower caustic limits on intensity is
performed.

Subroutine EIGEN utilizes functions HUP and HDN
to compute the values of the eigenfunctions associated with
the upper and lower turning points, respectively. Functions
HUP and HDN use Airy functions to compute the eigenfunctions
of the upper and lower turning points in the following manner:
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where hC = caustic limit of intensity

Ai = Airy function
a = depth scale factor

Zup/dn = upper/lower turning point depths

Z = source depth

Functions HUP and HDN are discussed in more detail subse-
quently. For an in-depth treatment of the methodology
involved in the development of the source eigenfunctions,
see Volume I, Section 3.2.2.

Function HUP is invoked by subroutine EIGEN in
the following manner:

H(J) = HUP(ZS8(J),ALUP,HCUP, ZUP,HG(J), TH3(J), THUP3)

where Z8(J) = source depth
ALUP = depth scale factor = “up = 1.77/AZup
HCUP = caustic limit of intensity = 1/6up
ZUP = upper turning point depth
HG(J) = geometric intensity limit = l/tan(eup)

2

2




TH3(J) = 93;6 = angle at source depth Z_ of the ray
equivalent

THUP3 = eupa; eup = minimum angle permitted before

diffraction limits intensity
A flow diagram of subroutine EIGEN is shown in Figure 2-4.

2.2,3.3.1 Function HUP

Function HUP computes the eigenfunction value
associated with the upper turning point. The parameters
necessary for upper turning point eigenfunction computation

are:

HUP(ZS, ALUP ,HCUP, ZUP, HG, TH3, THUP3)

where YA source depth

ALUP depth scale factor

HCUP = upper caustic limit for intensity = 1/6up
ZUP = upper turning point depth

HG = geometric intensity limit

TH3 = cube of angle 6 at source depth ZS of the ray
equivalent

Oup. = (3/4)g, /1

THUP3 up

The upper turning point eigenfunction H(J), is compﬁted
as follows:
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add in surface-image interference
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Figure 2-4c. EIGEN Flow (Cont.)
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H(J) = h }
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the Airy function

where Al

For a more detailed treatment of the methodology invclved, see

Volume I, Section 3.2.2.

2.2.3.3.2 Function HDN

Function HDN computes the eigenfunction of the
lower turning point. HDN is called from subroutine BIGEN
in the following manner:

H(J) = HDN(ZS, ALDN,HCDN, Z2DN,HG, TH3, THDNI)

vhere 7S = source depth
ALDN

HCDN

ZDN = lower turning point depth

HG

TH3 = cube of angle & at
equivalentg1 at source depth 25 of ray

depth scale factor

L]

]

caustic limit of intensity = 1/6dn

geometric intensity limit

4

THDN3 = edn3 = (3/4)gy, /1

The value of the eigenfunction Qf the lower turning point
B(J), is computed as follows:

Aiz(adn(z - Tyy))

h

HI) = Bgn = Can  212(0)

where Ai = the Airy functiom.
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For a more detailed treatment of the related methodology,
see Volume I, Section 3.2.2.

2.2.3.3.3 Function AIRY

Function AIRY produces normalized, squared Airy
functions. AIRY is called from functions HUP and HDN.

2
Aiz ~X -4.0 < X < 1,77
Ai%(0)
AIRY(X) = O X < -4.0
1

—— X > 1.77
. 792(X) _

For -4.0 < X < 1.77, Ai(X) is approximated by 10~°%, where

CX is interpolated from tabulated values of C(I) and

e(1) = zloglo(zfiég%i—) 1=1,31
5

The range of I corresponds to a range of -X from -2.0 to
4.0 at intervals of 0.2. This function (or more properly
1/AIRY) was originally used and documented in FACT (Baker
and Spofford, 1974).

Function AIRY is called in the following manner:

From Function HUP:

AIRY(A*(Z-2T))
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where A depth scale factor = a

up
Z

source depth

A

upper turning point depth

From function HDN:

AIRY(A*(ZT-Z))

where A = depth scale factor = %4n
Z = Source depth
ZT = lower turning point depth =
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2.2.4 Subroutine SECTON

SECTON treats the near-field bathymetry (NFB)
(if it has not been treated before) by tracing (in TRACE)
all ray equivalents which reach the receiver, over the
near-field bathymetry. It sets up certain parameters for
TRACE and cycles through the angles (both up- and down-
going). The following variables are affected by a call to

TRACE:

Variable Description Common
FRSNFB Logical flag indicating first /NFB/

time this sector is seen
(set = .FALSE.)

DRDCMY Derivatives of period, 2zyp, Zdn /DRDCM/

DZPDCM with respect to phase velocity

DZNDCM for routine PERIOD

MUPDN(2,25) Mode number after NFB for each Formal
mode MP(J) for up (first index Parameter

= 2) and down (first index = 1)
ray at angle THR(M)

ATUPDN(2,25) Accumulated attenuations Formal
(intensity reductions) per Parameter
mode and angle after NFB

The call to TRACE is

CALL TRACE(IX,M,ZR,TH, ZNFBZ, THNFB,RNFB,
IBCNFB, MUPDN(I ,M),ATUPDN(I, M), TANBET
SINBET,COSBET)

where

IX = water-mass index
M = mode number

TH = initial ray angle at receiver
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ZNFBZ = extrapolated NFB depth at range zero
THNFB = NFB slope angle

RNFB = max range of NFB
IBCNFB = NFB bottom class
MUPDN = new index
ATUPDN = accumulated (intensity) losses

TANBET = tan(THNFB)
SINBET = sin(THNFB)
COSBET = cos(THNFB)

SECTON calls TRACE (which calls PERIOD, BTMLOS and NEWMOD)
and returns control to ASEPTL.

2.2.4.1 Subroutine TRACE

TRACE traces rays from the receiver to the end
of the near-field bathymetry. The flow of TRACE is shown
in Figure 2-5. Numbers in parentheses correspond to FORTRAN
statement numbers. The following variables are defined by
a call to TRACE:

Variable Description Common

MC Zero mode number, = 3 if Formal
ray terminated Parameter

AT(6) Accumulated losses at Formal
each frequency (in Intensity) Parameter

TRACE calls BTMLOS, PERIOD and NEWMOD as follows and returns
control to SECTON.
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Figure 2.5. Flow of Subroutine TRACE




(1) BTMLOS(IBCNF,J,GAMMA)

where BTMLOS returns the dB loss per bounce and:

IBCNF = Bottom Class Index for NFB
J = Frequency Index
GAMMA = Grazing Angle

(2) PERIOD(I,CT,PNEW,ZUPNEW,ZT)

where
I = Water-mass index
CT = phase velocity
PNEW = period (CT)
ZUPNEW = upper turning-point depth (CT)
ZT = lower turning-|»>int depth (CT)
(3) NEWMOD(CT,I, MP)
where

CT = phase velocity
I = water-mass index
MP = mode index (CT)

2.2.4.2 Subroutine PERIOD

PERIOD is called by TRACE to determine the ray
period (PNEW) and upper (ZUP) and lower (ZDN) turning points
corresponding to phase velocity CTILDA in water mass IX:
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PERIOD(IX,CTILDA,P,ZUP,ZDN)

It uses the processed environmental water-mass data in
/PRCENV/ to linearly interpolate in RCYCZ(CM),ZUP(CM),ZDN(CM).
To speed up the calculation, the derivatives of each function
with respect to CM have been computed external to PERIQD

(in SECTON) and passed through /DRDCM/. When the ray turns
deeper than the last mode the period is extrapolated

assuming a pressure gradient profile from the surface to
infinity. If CTILDA < CM(M = 1), the first-mode values are
used. PERIOD calls no subroutines and returns control to
TRACE.

2.2.4.3 Function BTMLOS

Function BTMLOS computes the bottom loss (dB) at
a given frequency for a mode (ray) incident on the bottom
at a given bottom grazing angle. The bottom loss is constant
for grazing angles less than the critical angle or greater
than the angle of maximum loss. Between these limits, the
bottom loss varies linearly.

2.2.4.4 Subroutine NEWMOD

NEWMOD computes the new mode index, MC, corres-
ponding to phase velocity, CTILDA, in water mass IX:

NEWMOD(CTILDA, IX,MC)
It compares CTILDA with CM(M,IX) and sets MC = first M for
which CM(M,IX) > CTILDA. If CTILDA > CM(MMAX,IX), kC =

MMAX. NEWMOD uses processed environmental data from /PRCENV/,
calls no subroutines, and returns control to TRACE.
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2,2.5 Subroutine SLOPE

Subroutine SLOPE is called from subroutine ASEPTL.,
It takes the near-field bathymetry data which has been
modified by subroutine SECTON and performs the following
functions:

1. Determines which modes propagate after the
near-field bathymetry adjustment.

Computes the amplitude for each mode at
the specified range.

3. Sets limits on the modes established in
Part 1.

4. Sets logical variables (which had been
initialized to TRUE in subroutine INTIAL)
to FALSE where modes still propagate

The following variables are directly affected by
the action of subroutine SLOPE:

Variable Description Common

IFMDN(25) Logical variable set to .FALSE. /FINISH/
if modes still propagate

IFDONE(6,25) Logical variable set to .FALSE. /FINISH/
if modes still propagate

PHIRC(6,25) Accumulated attenuation /PHIRCV/

M1 Index of 1lst propagating mode /MODEMS /
(after NFB)

M2 Index of last propagating mode / HODEMS/

(after NFB)

Subroutine SLOPE calls no other subroutines.
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2,.2.6 Subroutine AMPDP

Subroutine AMPDP computes the direct-path intensity
at a range of 1 nmi with spherical spreading and two incoher-
ent paths (see Volume I, Section 2.2.2). The following
values are affected by a call to subroutine AMPDP:

Variable Description Common
Range (R) Range at which TL computed /RANGES/

Range(l) set to 1.0 if IEND=3.
Range(2) = MAX (RNFB,2)

AMPM(R,2_,f) TL(R,Zg,f) dB re 1 yd AMPM(1,Zg,f) /TLINT/
S set to intensity at Range(1l)

IR No. of range steps in TL(R); set
1 if IEND = 3, otherwise set =

= /RANGES/
2

Subroutine AMPDP is called from subroutine ASEPTL with 1
formal parameter, RNFB(INFB), the range to the end of the

slope in NFB sector INFB,

Subroutine AMPDP calls no other subroutines; once
execution is completed, control returns to subroutine ASEPTL.
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2.2.7 Subroutine MARCH

Subroutine MARCH propagates the model solution out
in range (see Figure 2-2). The first environment is des-
cribed by near-field bathymetry. Once the near-field bathy-
metric solution has been determined, a new water depth is
introduced. MARCH calls subroutine COMPDW, which makes any
parametric adjustments necessitated by the change in water
depth. An intensity is then determined by a call to sub-
routine INTSUM. 1If it is determined that the solution is
complete (see discussion of function DONE) control returns
to subroutine ASEPTL. If not, the next environment is
assimilated. In the event that the new environment is the
first, the environmental index (KENV) is determined before

proceeding.

Once KENV has been determined, a new depth, bottom
class, and water mass index are assigned. If a new water
mass has been encountered which has not been previously
processed, COMPSI is called to compute basic mode parameters
(see Section 2.2.3). Checks on whether the new depth or
bottom class differs significantly from its previous value
are performed by functions NEWD¥ and NEWBC, respectively.

A change in water depth or water-mass index forces changes
in source mode parameters, which are modified to include the
depth by a call to COMPDW. If either the water mass or
depth changes, and any significant bottom-reflected modes
are still propagating {as determined by NEWBC), new bottom-
loss rates are computed in subroutine PHIBL. The range
increment, number of steps and losses per range increment
are then determined by a call to RCOMP. Once these param-
eters have been established, intensity within a region is
computed at each specified range step by subroutine INTSUM.
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Subroutine Parameters
COMPDW FIRST

DEPNEW

IXNEW

PHINF(1,

IXNEW)

function DEPNEW
NEWDW

DEPOLD
function IBCOLD
NEWBC

IBCNEW
COMPSI IXNEW

PHINF(1,

IXNEW)

PHIBL IBCNEW
RCOMP KENV

NR

DR
INTSUM none
function N
DONE

Parameter
Description

Logical vari-
able .TRUE.
for NFB

Depth at new
range

Sequential
water-mass
index

Eigenfunction
values

New water
depth

0l1d water
depth

01d bottom
class index

New bottom
class index

Sequential
water mass
index

Eigenfunction
values

New bottom
class index

Environment
index

Range step
number
Range incre-
ment

Range step
index
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The following calls are issued by subroutine MARCH:

Subroutine
Description

Resets source modes
for new depth

logical function
determines whether
or not a signifi-
cant depth change
has occurred

Logical function
determines whether
or not a change in
bottom class has
occurred

Computes mode
parameters for new
environment

Computes bottom loss
rates for each mode
and frequency

Determines number of
range steps, range
increment

Attenuates and sums
modes for a given
range step

Logical function
determines whether

~run is done




2.2.7.1 Subroutine COMPDW

Subroutine COMPDW has two basic operating modes.
If FIRST = .TRUE., it treats the receiver by initializing
the eigenfunctions at the end of the near-field bathyrotry,
adjusting them for finite depth, and computing the indices
of the first surface and bottom-reflected modes as well
as the initial phase integrals (PSIMR).

On subsequent calls (FIRST = .FALSE.) the source
is treated with phase integrals (PSIMP) computed and new
mode indices MP(M) determined by adiabatic mappiag through
subroutine COUPLE.

For both source and receiver, the surface loss,
bottom-grazing angle, and eigenfunction values at the source

are computed.

The following subroutines are called by subroutine

COMPDW :
Formal Parameter
Subroutine Parameters Description
DELPSI DEPTH New depth
ZDN L. 7er turning point depth
ZUp Upper turning point depth
PSI1Z Phase integral of mode M
(infinite ocean)
PSI New phase integral (finite
ocean)
RCYCZ Range period of mode M
(infinite ocean)
RCYC New range period (finite ocean)
THBMD Bottom grazing angle
MBOTP Index of 1st BR mode (new)
M Current mode index
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In treating the‘sourée (FIRST = ,FALSE.) the mode coupling
is determined by:

Formal Parameter
Subroutine Parameters Description
COUPLE MpPP Max number of modes used to
cover PSI
MSURF Index of lst surface reflected
mode
MBOTP Index of 1st BR mode
PSIMR Receiver phase integral
PSIMP New source phase integral
MP Coupling index

The following parameters are then computed for
both source and receiver:

THBM(M) Bottom grazing angle

RCYCM(M) Ray/mode cycle distance

ZDNM(M) Lower turning point depth for
ray trace

SFLSNM(N, M) Surface loss/nmi
PHIM(J ,N,M) Depth normalized eigenfunction

Subroutine COMPDW then returns control to subroutine MARCH.'

2.2.7.1.1 Subroutine DELPSI

Subroutine DELPSI adjusts the phase integral, range
period, bottom grazing angle and index of the first BR mode
to account for changes in depth.

If the current mode is not bottom reflected, the
bottom grazing angle is set to 0.0. The phase integral
and the range period remain unchanged and control is returned
to subroutine MARCH.
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When the cﬁrrent mode is bottom reflected, a new
bottom-grazing angle 1s computed. It is then used to com-
pute a new phase integral and range period.

For a description of the call to subroutine DELPSI,
see the preceding discussion of COMPDW. Subroutine DELSPI
calls no other subroutines.

2.2.7.1.2 Subroutine COUPLE

Subroutine COUPLE computes the indices MP at the
source corresponding (thru PSI) to modes M at the receiver,
plus indices of the first surface reflecting mode and the
first bottom reflecting mode. Subroutine COUPLE is called
by subroutine COMPDW¥ (for parameters in call see COMPDW
description). ‘

The following variables are modified by a call to
subroutine COUPLE:

MP Indices corresponding to M

MBOT Index of first bottom reflecting
mode

MSRF Index of first surface reflecting
mode

2.2.7.2 Function NEWDW

Function NEWDW is called by subroutine MARCH in
an effort to determine whether a significant change in water
depth has occurred. The function returns a value of .FALSE,
if the last mode was not bottom reflected and will not become
bottom reflected (new depth .GT. depth of last mode). Checks
are also made to determine whether the first bottom reflected
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mode becomes non-bottom reflecting or the last non-bottom
reflected mode becomes bottom reflected. In the event that
there are some bottom reflected modes, a check is made to -
determine whether the change in water depth results in a
change in phase sufficient to necessitate changes in the
mapping.

2.2.7.3 Function NEWBC

Logical function NEWBC is used by subroutine
MARCH to determine whether or not a significant change in
bottom class has occurred. If the index of the 1lst bottom
reflecting mode is outside the range of the modes being
considered or the new bottom class index is the same as the
old bottom class index, no significant change in bottom
class has occurred, and function NEWBC returns a value of
.FALSE.. If these conditions are not satisfied, function
NEWBC returns a value of .TRUE., which then prompts sub-
routine MARCH to call subroutine PHIBL to modify all
necessary bottom loss parameters.

2.2.7.4 Subroutine PHIBL

Subroutine PHIBL is called by subroutine MARCH,
corditionally dependent on the presence of a new bottom
class. PHIBL computes the bottom loss (in dB/mile) for
each propagating mode/frequency combination. Subrouytine
PHIBL tests to ascertain whether bottom loss calculations
are necessary,; if so, it determines whether a particular
bottom loss has been previously calculated. If not, sub-
routine PHIBL invokes function BTMLOS to compute the actual
bottom loss. Function BTMLOS is called in the following
manner '
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BTMLOS(IB,N, THBM(M))

where
IB = new bottom class index
N = frequency index
THBM(M) = bottom grazing angle of the mode

The value returned from function BTMLOS is then divided by
the mode (ray) cycle distance to yield the bottom loss

in dB/mile which is then stored in array BLOSS(6,25). For
a description of BTMIOS see Section 2.2.4.3.

2.2.7.5 Subroutine RCOMP

Subroutine RCOMP is called by subroutine MARCH
to determine the number of range steps, the range step
increment, and the attenuation/mode/step. A tentative
calculation of the range step increment is made equal to
the length of the current environmental step. If this value
is less than or equal to the maximum permitted range step,
the no. of range steps is then set equal to 1. If this
value is greater than the maximum range step, more than
one step is required, and a2 new range step increment is
computed.

The attenuation/(mode/step) is then calculated
with a call to subroutine DBTOIN, in the following form:

CALL DBTOIN(DR)
where DR = range step increment

Control is then returned to subroutine MARCH.



2.2.7.6 Subroutine DBTOIN

Subroutine DBTOIN determines the total attenuation
arising from volume, surface, and bottom losses for each
propagating mode and frequency combination. This total
attenuation is expressed as an intensity reduction factor
for each range-step increment. These values are stored in
array ATTENR(6,25) in common block /ATTENS/.

2.2.7.7 Subroutine INTSUM

Subroutine INTSUM attznuates the amplitude of
each mode by the loss factor calculated by subroutine DBTOIN,
and sums the product of the (attenuated) amplitude and the
source eigenfunction value, dividing by the range. The
minimum transmission loss is computed and logical variables
indicating the end of processing are set if appropriate.

The following variables are affected by a call
to subroutine INKTSUM

PHIRC(6,25) Attenuated mode amplitude JPHIRCV/

IFDONE(6,25) Logical variable indicating mode JFINISH/
is fully attenuated at frequency
M (.TRUE.)

AMPM(400,3,6) Transmission loss (intensity re JTLINT/
1 yd)

IFMDN(25) Logical variable indicating end JFIZ1SH)
of mode M processing (.TRUE.)

IFALL logical variable indicates end /FINISH/

of processing (.TRUE.). All modes
attenuated below threshold

TLSUM Minimum TL (over frequencies) JCOONV/

Control returns to subroutine MARCH.
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2,2.7.8 Function DONE

Logical function DONE returns a value of .TRUE. if
calculations in subroutine MARCH should be terminated,
setting the termination code for the run (IEND):

IEND End Code Description DONE
0 Processing not completed . FALSE.
1 Maximum range reached .TRUE.
2 Maximum number of range points reached .TRUE.
3 All modes attenuated below threshold . TRUE.
4 Approximation of transmission loss . TRUE.
exceeds maximum transmission loss
value TLMAX

Control is returned to subroutine MARCH, which then allows
continuation or termination of processing. Once MARCH
returns control to ASEPTL and the final transmission loss
is computed in TLFINT, an additional setting of the end
code is possible. Specifically, if for all frequencies and
ranges beyond some range short of the maximum range the
loss exceeds TLMAX, the TL array is truncated and IEND is
set to 5.
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2.2.8 Subroutine TLFINT

Subroutine TLFINT converts total loss intensities
to transmission loss in dB re 1 yd with the maximum possible
transmission loss equal to TLMAX (an input value specified
in subroutine INITAL). The conversion is done in place in
array AMPM(400,3,6).

The following variables are modified by a call to
subroutine TLFINT:

Variable Description Common

AMPM(400,3,6) Loss (intensity) converted to /TLINT/
loss in dB re 1 yd

IR No. of range steps in TL(R) /RANGES/

IEND Termination code set = 5 /RANGES/
{see DONE)

Subroutine TLFINT calls no other subroutines; once
its execution is completed, control returns to subroutine
ASEPTL.
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2.2.5 Subroutine SMOOTH

Subroutine SMOOTH causes the current transmission

- loss curve to be evaluated for discontinuities and smoothed

where appropriate. A call to subroutine SMOOTH may be issued
either from the main program driver (DRIVER) or from the
driver for the ASTRAL model (ASEPTL).

Discontinuities in the transmission-1loss curve may
arise from changes in water mass, changes in water depth,
or neither of the above. A discontinuity is operationally
defined as a change in transmission loss which exceeds a
specified tolerance level. Once the presence of a dis-
continiuty has been established, one of the above reasons
is identified as the source of the discontinuity.

A discontinuity arising from a change in water mass
is treated by defining a transition region which extends from
the middle of the previous water mass to the middle of the
current water mass but no greater than 150 rmi in length nor

closer than half way to the nearest discontinuity on both sides.

As a simulation of a continuous change in water mass, all
transmission loss values between these two selected end-
points are Iinearly interpolated in range between the point
defining the transition region.

Discontinuities which arise from a change in
water depth are made to approximale a more continuous
change in water depth by isolating the point which reflects
this discontinuity. The point is then linearly interpolated
in range between the two points immediately adjacent to the

discontinuity.
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In the event that neither of the two aforementioned
conditions are identifiable as the cause of the discontinuity,
no smoothing is performed. For a more complete discussion of
the methodology involved in the design of the smoothing
algorithm, see Volume I, Section 3.2.4.

The sequence of execution of the call to subroutine
' SMOOTH is depyendent on the value of the logical variable
' DEBUG(3). If the value of DEBUG(3) is .TRUE., the follow-
I ing sequence of events occurs:

1. Subroutine ASEPTL causes execution of the
ASTRAL model.

o

Subroutine TLOUT is called by the main program
driver. Raw transmission loss points as a
function of range, depth, and frequency are
printed.

3. Subroutine SMOOTH is called by the main pro-
gram driver. The points printed in step 1
are inspected for discontinuities.

4. Subroutine TLOUT is again called by the main
program driver. Smoothed transmission loss
points as functions of range, depth, and
frequency are printed.

1. Subroutine ASEPTL causes execution of the
ASTRAL model.

I In the event that the value of DEBUG(3) is .FALSE.,




2. Before returning control to the main program
driver, subroutine ASEPTL issues a call to
subroutine SMOOTH.

3. Control is returned to the main program driver,
which then calls subroutine TLOUT. The
smoothed transmission loss points (only) are

printed.

Subroutine SMOOTH is called with no formal param-
eters. SMOOTH issues no calls to other subroutines.
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Section 3
Input and Output

The ASTRAL Model was designed to function in two
distinct operating environments. For most users, it is a
stand-alone propagation loss model requiring card (or disc)
input and printed (or disc) output. The I/O operations
of ASTRAL in this mode are described in Section 3.1.

In the FNWC operating environment ASTRAL is only
a portion of the overall ASEPS system. As such its I/O
is handled entirely through common areas and ASEPTL is
called directly with the DRIVER, ENVIN, etc. routines
omitted. The operation of the model in this mode is des-
cribed in Section 3.2.

In order to avoid redundant calculations several
areas of processed data are defined for subsequent use on
other runs. These need not be of concern to the external -
user; however, their intelligent utilization by '"stacking"
multiple runs may offer significant running time savings.
They are the concern of the ASEPS program since they must
be made available to ASEPTL on subsequent calls, and certain
logical variables must be set indicating that the precom-
puted data are or are not available. Details of this struc-
ture are reserved for Section 3.2.

3.1 STAND-ALONE I/0
3.1.1 Input

Table 3-1 summarizes the user's input run deck
with appropriate format statements and variable descriptions.
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Figure 3-1 shows the flow of input in terms of the four input
routines and ASEPTL. The input has been structured to allow
the user to consider a basic "ocean" of up to 20 profiles:
(ENVIN) for a specific set (PARIN) of source parameters
(depths/frequencies) and control parameters (NRMAX - typically
400, DRMAX - typically 30 nmi, and MMAX - typically 25 modes).

A receiver is then introduced (RCVIN) at a parti-
cular depth surrounded by up to 8 near-field bathymetry
sectors of varying point-slope-range-reflectivity descrip-
tions. An arbitrary number of tracks from this receiver may
be considered as described (TRAKIN) in terms of their
corresponding NFB sector, the immediate slope at the receiver,
a maximum range, and up to 400 environmental regions of
arbitrary length along the track, consisting of different
water-mass (profile) indices, bottom classes, and depths.

The initialization for the receiver is performed
once for all such tracks and as each NFB sector is encountered
for the first time the mode-conversion effects are computed
once and saved for subsequent (not necessarily sequential)
runs. Similarly as each water mass is encountered for the
first time the infinite-ocean eigenfunction data are com-
puted and stored for later use. The track from a given
receiver may encounter and re-encounter any water masses in
any order. Similarly, different tracks may encounter NFB
sectors in any order.

Once all NTRACK tracks are processed, a new receiver
may be considereu with entirely new NFB and track characteris-
tics. For these tracks processed data will still be avail-
able for any water masses encountered which were encountered
for previous receivers. '




BEGIN

Y

ENVIN

Input all Water
Mass Data

PARIN

Input Source Data
and Key Parameters

_’"

RCVIN

Input Receiver and NFB
Data and # Tracks for
Receiver

¥
Loop on Number of Tracks fpee-eaeaa 1

-
t
4
t

h J

TRAKIN

Input Track Data:

# Environmental Regions,
Max Range, Immediate Slope,
NFB Sector, and Region Data

B R T T Y S ——

’--..---.————-—_.-

Execute ASEPTL and Output TL |emece-ea .

Read Card

NO YES
- @ STOP

Figure 3-1. Overall Input Flow.
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Figure 3-2 is a copy of a typical run deck for
a short run. An option has been provided for debugging
purposes which can generate considerable output from within
the ASEPTL routine (and lower-level routines). In normal
execution ASEPTL produces no output other than an execution
time. The debug options are normally all set = .FALSE.
The output which each generates is described in the following
subsection.

3.1.2 Output

In normal execution (no debug printout) the
following information is printed by the indicated routines:

Routine Information
ENVIN Number of points per profile
Processed Status (should be all
.FALSE.)
Profiles with index and wave-
height
PARIN Number of Range Points

Maximum Output Range Step
Source Depths

Frequencies

Number of Modes (max)
Debug Flags

RCVIN Number of Tracks
Receiver Depth
NFB Parameters

TRAKIN Number of Environmental Regions
Maximum Range '
Immediate Slope
NFB Index
Track Region Summary
Index, BC, Range, Depth

ASEPTL Execution Time for this Track

TLOUT Endcode
Number of Range Steps
Transmission Loss Matrix
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l 2 g a4 : .
nLA 4TTR,0 18000, s100,
1
Naft |AEN, 1co, Sneeg, 1r00, 4G28, ANEe.
13000, 2100,
I nen
f, N |S070, g0n, sozn, 1060, 8010, 3060,
s¢an, 4RAA, 18p0n, €100,
N
I 400 30.0
.3 ¢
100, 400, 800,
' 25. 1004 200, 400,
25
FFE
3 &non,
l 300, 4200,
-0,08 -0,1
40, 70,
|I 3 1
. A )
10000 -.02 1
' 1¥ 3 0.0 16000,
1 3 200, 14000,
4 1 3600,0 190C0.0
2 1 &S00, 18¢00n,
l 3 3 700, 18000,
g : :gg: i?ggﬁ: * Note - all "tracks" from
l > ¢ 830, 2000, a given '"receiver" must
5 have same SVP at range O.
1008,.0 0.1 1
1* 2 p.0 1annn,
l ] g 2no, 1RA00,
k) & 4060, 18000,
1 4 AND, 17000,
l ? QA aag, 15000,
5
ann, -2 ?
l 1* A p,n 18000,
1 4 100,0 15n00,
2 o 200, 18n00,
' 2 « 220 10000,
2 L 240, 18nQ0n,
1 5 U0, 18000,
. (Separator Card Indicating that new RCVR data follows would go here)
{New RCVR data would go here)
I Figure 3-2., Sample Input
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Figure 3-3 is a copy of the output generated by the run
deck of Figure 3-2.

The value of the logical variable DEBUG(J,J=1,5)
controls the extent of the output generated by a run of the
ASTRAL Model. The minimum amount of output occurs when all
values of DEBUG(J) are set to .FALSE..

The effect of a level 1 trace (DEBUG(l) = .TRUE.)
is best seen by a description of the output which emanates
from the individual subroutines.

Subroutine Results

ASEPTL Prints messages tracing progress
through modules called by ASEPTL

RCVR Angles at receiver for each mode

COMPS1 Water mass index,

for each mode: phase velocity,
upper and lower turning point
depths, phase integral and range
period, and the eigenfunction
values for each frequency-source-
depth combination

SECTON For each propagating mode:
angle at receiver, mode indices
for slope-converted rays,
accumulated intensity losses

SLOPE Mode limits
for each mode and frequency:
accumulated attenuation

MARCH Environmentul index
Previous and current bottom class
indices, depths, water mass
indices
Status of bottom class, water mass,
depth, and any modules which make
parametric adjustments

COMPDW Sequential water mass index,
depth, and location; also, indices
of lst surface reflected and lst BR
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MEPRED F EMYINNAMMEMNTS 5
MAYTMIIM BANCE (Pive) ILLLING
THHENTATE TRACK S] OBF (EAnc) Y
[F1 20 EILT 38 ¢ 1

FHVTRAT“FNT{INACK) AlIVE ALY

T OINDrY e RENY PFP
1 ¥ 2 N, V1&n0ND,
> 1 k] 200, VAannn,
3 b I inn,., 19nan,
A 4 \ SN,  1apon,
< 3 i 100, )aN00,
A k! a4 wan,  1snnn,
7 by A /20, 12nnn,
L 2 A a1n, 20n0,
CALE FYecurinn YIMF (SFCOANDS) ° 1,177

Figure 3-3. Sample Output (Cont.)
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OF &I TS =SUPIHARY

TERPMINATION CONE

Y

WUEPFD OF QANGE STFPS 28

AP MILQTON | 1€S
7%(FTY Yon, AN, 160,
FREN(1:7) PR, 100, 200,

Qg

DN AL 2=

3

1.00 ka7 Ha,1 A&7
AR AN an,a 260 Q) L.A
“E& AT BP A GD,P2 L3O
N1,711 04,1 91,7 CK,.§

17a.00 0OL,0 Q4,0 &7
Vel , a7 BAR,1 68,7 07,7
171,13 Qa0 QR4 GR A
IrANN QT4 UT,) QU4
20,00 QTP QT.A 10D,0

In "R .AN OPLA OR,] 1NN,A
1] 27%.00 103,) 114,77 1004
12 Wn,0n 107,09 111.2 13R,D

13 IP2H,ST7 11y

6 V13RI 175,27

14 37,146 V18,1 1218 137,80
18 g 7Y J1R,T 12RA 13R,0
14 AYA,20 119,10 172A,R 1130,3
17 Lu2,.mk 110, 3 127,1 19N
18 47)1,87 116G, A 127,4 1aN,?
16 %000 110,929 27,7 140,6
SR €2 87 100,1 17A.0 14],0
PV ORET,18 120,32 17R,2 141,10
22 GrS_ T 120, 122,59 1410,7
23 418,20 120,9 (20,7 142,)
26 KOF NK IPNGP V28 .0 1R
S8 AT1.47 110,.7 123,32 17%,8
De TUALRN 1YO,) 1RN,A 1R

2T 128,00 1k

¥ 11,0 128,7

2 IO AN 11T .4 FIX.P 1204
20 FIS 0N 11T A 11,4 120 ,Q
M owBn, b 11T,T 112 A V20,10
W onIA 00 1PN, 121,09 13T,
A2 AANAN 12,1 J2e.0 148D
TV ANP N 1NN, D Yaa .+ JEN,N
I LR AT 1%, 0 TRA A 1SA,0

eun ARTE LT

i Dlod AN 3 1T NN A7 YR 4

Yoy up Y

ITYRNT RN TV S R TR TR ST T S 2 £ -3

Figure 3-3.

104,
400,

he T
Q3,2
CYYNC)
Y&, Q
YA .5
ya,0
10}.?
102,.4
103.4
‘0‘.’
1172.?
170,0
17A.3
132.5
1388
139.7
tap,8
14) .4
142.2
143.0
143,.8
144,64
145,46
162,.7
160,1
137.4
1334
129,7
130,4
131.0
141,17
150,00
1,0
tsa,n

400,
75,

~4.7
RA,7
Q7.0
Q1,4
4,8
YR, 4
q‘l,
LY
a7.3
Q7,7
.99,8
0.3
107,7
1N4,2
1h& A
1058,9
10A,2
106 ,.S5
10,/
17,0
17,2
107,.4
11,0
INT  H
108,0
JUR, P
L
108 .0
106,09
07,
ntT. 1
117.4
147.1}
140,08

ANND,
yan,

b, T
RO U
Uz,
V3L.h
Q4,7
Qe s
Ok &
17,1
01"‘
on,
", 3R
1017
11,1
104 ,¢
IhE L0
LG
104,7
7,0
107,13
1075
1n7,0
108,
1nn 3
1a7,.4
107,46
07,0
1ne
105 ¢
1051
1RA N
LI 4
1in,?}
13,1
tthn 0

ann,
20n,

re,7
Y ,4
Q3 &
OQ.A
QA h
L
-1 0
04,2
Ny, o
190,46
103.7
10K ,9
I"Q.K
112,0
116 .4
11s.)
115,.%
118,49
116,23
V1R.T
1173
117 .6
117.+
11,0
1m0t
1,2
11y,
112,44
1127
11
118,40
1217
1hey 0
{Qih

400,
A0,

~e,7
42,0
Ly 0
Yt B
YR, A
GU R
01,1
102.?2
19,2
104,72
UL
111,.R
11%.0
IR, ?
121.2
V22,58
123,1)
123.%
17,7
126,°5
126,13
127,.1
'?7.“
12: .
‘?k."
1761
| A
124,80
1724 8
175,11
YA A
)_'ha.rl
th 0
14,0

nan,
n,

,6,7
9,7
ny.0
©3,2
va L4
oql.’
Qh 0
R
ur,?
aT.%
un,)
LTINS
100,84
100,p
101,11
10) .4
101.7
1072,0
102,
182,48
102,7
10,0
103,2
103,4
13,8
103,.7
108,2
LILY
1AL, &
‘“‘-’Q“
15,8
11%h,2
fas,)
15a,0

Sample Qutput (Cont.)
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ape,
10,

hd 7
na,7
7.0
2.5
Q4 h
KL
9k, 2
Q"Iq
97.4
97,9
UH &
QR R
100.9
01,3
Int.A
jnz.n
‘0703
102464
102,9
10,2
13,4
03,7
103,89
106,72
104 ,4
&6 &
10e 7
1hs,0
1058,1
106,
108,
117,R
137,.4
1ha,.0

a0,
200,

ha,7
91.3
93,6
as5,2
QA b
97 .4
QA3
9,)
Q9.7
100,23
101.7
1031
106,23
1055
10h,6
107,13
107,5
17,0
108,23
10R.7
109,1
109,86
109, b
110,1
10,5
1108
110,46
110,.9
111.,?
111,
11,7
121,7
150,8
“‘OQ"

rOOD,
400,

ha,T
91,0
DA LA
QKL
YN, ?
9.k
100,%
102,10
103.1
104,90
105,7
j07.4
109,0
110,%
117.)
112,0
113.A
116,7
118,58
116,13
174
117.9
11K4,7
1‘9.‘
120,72
121.0
120,17
l?‘.-‘
122,60
1220
123.1
130,2
1800
180,0




AR N

THMEDTATE TRACK SLUPE (FAPS) 10
MES T IhEY )
FNVIROMMEMT (FRACKY SHMMNARY

T TMRFY 100 PENV nED

1 1 2 N. 14000,

? 1 < P0n, ysnon,

? ? & 4no, 1Ann00n,

4 ! 4 AN0,  1T700n,

5 2 3 RN0N, 15000,

CASE FYFCUTTNM TIMF {SFCOANNS) JR4E

Figure 3-3. Sample Output (Cont,)
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PEGH TSSIMbARY

TEDHINATINAM FrOARE 1
MUMPER NF WAMGF STFPS W%

TRAMSMICSTNt | heg
7SUETY IR0, 100. 100, 100, AR, 406, ann, 40N, ANN, RO0, R0, RO,

FRFN{NT) ?S. a0, 200, 400, ?5. 100, 200, &00, 25, 100, 200, 400,
e (F1ne)

Vel 84,7 64T £6,7 A8.T £6,T R6,T A4,T bKa,T K4,T 6&.7 A&7 6b,7
40,00 QY,A 01,7 94,2 Q4. OQ1,k Q),k Yu,? YL, H 4],5% Q1,8 Qa,.0 96,k
RRLET U9 Q4,0 QKA FT.A Y9I H 61,6 OR.& 07,8 Q7,7 Q3,R 06,4 97,4
9,11 65,3 UG8 op,» 99,6 85,1 0OR,4 HR,] 90,5 Q8,] 98,3 QA.n 99,4

120,00 BR,6 A6 89,4 IN1,2 QR4 98,6 4O, J01,] RA,P 9h,b4 99,2 10]1.0

VAALAT  OT.3 Q3.5 100,46 J0P2.6 97,2 07,4 180,73 112,85 Q97,1 97,3 100,? 102.6

177,33 @r,n 9r,2 101,13 103.9 QA0 ©A,2 |N),7 jN4,H QT,A GR,Q 101.0 103.¢6

POALAN CH,A GR,O 102,00 10R,0 OR,A OA.H 101,9 104,09 QR 95,7 101.R 1048

PPH,87 ©€0,3 QQ,R J10P.A 10h,2 99,7 00,4 102,7 10A.1 99,0 99,3 IN2,5 )06.0
10 257,16 Q0,7 100,) 103,46 107,323 09,7 (40,0 103,23 §J07.7 9Q9.A 99,0 103.?2 107,00
11 206,71 100,22 I00.A 04,0 JOR,Y 100,] 10R,5% 103,90 10K,? 100.0 100.4 103.8 108.)
12 916,70 100,6 IRY 0 106,A 109,3 I0N,A 300,80 [04,% LU9,7 100,64 1008 104,31 1009,1
13 2,86 1631 102,7 106,7 111,58 101.,3 101,23 108,34 110.5 100,80 101.2 104,9 110.0
16 71,47 ID6,A 104,46 1009 FI3,R 102.) 101,7 106,72 111.R 101,72 10146 105.3 J10.9
VS 40NN VDK, INRLL Y1D.T Y160 102,08 102,01 107,0 113,0 101,5 102,0 105.8 111.8
VA 422,87 130.6 I0T.7 113,22 118,2 103,68 102,08 J0T,F 114,3 102,9 102,] 106.,R 112.%
17 487,34 113,71 109,68 115,73 120,84 106,02 103,) (00,4 116,58 J03,2 107.4 107.3 113.3
VA GRS,T1 V16,5 11140 117.4 122,4 106,9 103,454 109,46 116,77 107,46 102,7 107.7 114.7
19 616,20 116,38 T11,2 117,80 123,4 105,1 103,7 (09,8 117.5 103,7 103.0 10A,.] V18,0
20 RaD,PA 113,38 1102 11645 122,9 INS,0 104,00 110,72 1IR3 103.9 103, 104,84 J15,R
PV S71,43 111,9 100,72 115,1 122.3 104,28 104,2 10,5 119,01 £06,2 103,5 10K,A )1hen
22 FNAD NN 100,9 1NR,] T13,A 121,R 104,6 104,% 110,0 119,20 104,484 103,R 109,20 117,46
21 KPR,ST 100N INTL0 112,55 121.7 1he .4 tHA, 3 J09,) 110,58 Jn1,5 106,2 10H,0 11R,2
24 ATST 1A TD0ALO 10RO 11142 120,7 106,2 J06.6 10,6 116,D 03,7 [04.4 109,71 119.1
P8 ADS.TY 104,00 104,09 1N0.A 120,]) 104,50 106,k 00,7 120,0 103,9 104,7 109,86 10,9
PA TIAL29 104,2 1IN, 1101 120,9 104,72 1050 1100 120, 1He, 0 [04,9 J0U,Q YP0,6
2T TE2,NA I1BT,2 100, 11A.T 12A.0 1080 TOR.O 1T1),8 1231 Jhe,D 1081 110,72 (?1,.0
FH T4 V1. 1T)RE 12205 130,) NS0 JOA R 11,8 174,58 106,46 108,3 110,55 122.1
20 RPALAD TIR,Y F1T.% 12R,7 116,72 106,T7 INAT,.A F1K,.a 177,9 )N85 INS,8 110,8 22,4
I HPH,GT 114,70 1P2,1 12S,A 1408 10T.4 106,5 17,2 120,27 108,5% 10,5 12,7 124,
W RRT 14 TEN,4 124, 142,08 145,46 1086 109,48 10,0 JI2,8 104,.7 )08,7 117.9 1240
N2 UG TY 12204 LINGA 1SN0 150,08 1090 14,2 20,7 16,0 10A,R IPR,Q Y] .8 |55,.7
TV A14,20 122,58 10,7 1S0.0 150,60 100,20 10,6 31,0 [25,7 104,92 10A0 113,00 126,4
6 AP BA 1227 TANLY IRALN 1S0.0 JO0LE FIAA 12).0 JA.4 JUS.) J06.2 113,.Y 1271
A UTELAT 122,40 1] NRNL0 IR0 1080, T 110, T to1.A 14T, 1NN, VRA.A 113.A J2T.0
WA IANBLOAN 122,09 1W],2 16ALA [S0,0 108 10,9 110 1T 0 JOG T J0ALS 1130 )Pk,&

P30 RIS . I SEURRN )

Falt AUTOHY

DONFFRNINA TOACY 2

TACe ATy

Figure 3-3. Sample Output (Cont.)
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MHMEE R 0F FMYTEOrE 078 A
HAXTMIIM DAVICE (M) ANALN
TMMENTATE TRACK SLOPF (HARS) -e?N
NFR INNPCY ?

FAVIRAMUEMT (TUACK) SHMMARY

1 IMDFY IRC BFMY DFP

' 1 a n, 1R0NON,

? 1 4 von,  1san0n,

3 > o 200, 18600,

4 2 ¢ 220, 10000,

s P 4 2640, 15000,

A 1 S 3na, RN,
FASE CXFEUTIM TIMF (SFLCOMDS) LYY

Figure 3-3. Sample Output (Coat.)
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QESIL TS=KitMisAL Y

TERMNINATTION CODF 1
MUWGRER OF DAMGE STFDS

TRAMSMTSS TN

NS d =

n

a
10
n
12
1
14
1S
14
17

10
20
1
2?2
21
4
p 1
25
2?7
/8
29
a0

7S(FT)

ERFNA(1H7)

oty
t.nn
20,00
YWY/
T3,
1na,nn
178,00
160,00
176,00
200,00
raf,nn
FTY 1))
PIN AN
NN, nn
26 ,4)
a6
W, 24
G1T LA
EAT DK
ATm AT
SR My
R38R, 249
LYY 3
"u‘¢‘>
KA RY
LR RTT
[ AL LY
AR 2N
Tar, MR
T10,80
whpn, an

A ANN L2 SUTE ¢

I res
ton, oo,
75, 100,

Kool  Ka,T
84,6 R&,]
P .2 PTLR

90,2 ARG,0
0}, 4},
92,7 42,3
(,-z.Q 0101
9.8 Q7,6

104,22 In2,0
117243 10A,.¢
13,8 11).8
11e.0 V16,8
1N7.1 10A,7
1PS,8 INR,2
104,71 10,7
YA2.7 102,72
101,272 100,7
au,T 00,p
1hn,n cQ.®
100,22 na.n
1he,8 Jan,
100,77 10ho,2
10N, Q 1PN A
th1,.2 100,R
vay a iny,}
UL I B IO |
101,7 10).%
10,9 10,7
1A2.1 1M1
109,10 102,10

Figure 3-3.

100,
200,

a4 7
bé&,?
ER,P
ap,3
Qt o“
92,9
aq,q
9k ,7
09,4
RS
inp.8
11¢,.5
107.8
10k ,5
1In8,.2
103,09
102,58
10,2
101,4
102,1
182.4
102,02
103,
103,85
103,09
104,72
104,k
104 .Q
18,2
10%,8

100,
4nn,

L)
R4 ,8
RA,G
91.4
91,
Q4,7
g, n
T .7
R,
100,46
1061
114,323
109,2
10Q,0
108,7
10R,4
108,22
17,0
1R, 8
109,.4
11n.58
111.3
112.1
15172.9
113.7
ij4.8
115,2
’}50L
11A,R
1178

400,
25,

Ahol
L]
ar,7
RG,7
9) 40
Q7.0
N7 .R
a8, p
27,1
9a,0
1h1.0
102.8
100,13
QG ,u
Qq, ¢
93,2
ap.u
1P
on R
RLN |
AN
QU5
no, A
1000
160,22
100,48
LILLINY
100,7
100,90
I Y
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anp,
100.

LR 4
a0
HTF
HO RN
©1.?
u2.1
63,1
Q&4 ,%
as o
a7.7
00 6
102,46
ton,n
QG
aq,7?
no .\
96,1
Qu,)
w9, b
L1 1 I 4
180,06
100,23
thn A
e B
11,0
10,7
101.%
1,7
ot
1021

400,
200,

"‘07
Ba
M0
Qn, /2
Q1,7
Gz .7
ul,7
Q4.5
ne,»
«1,7
In .5
18R,
102.7
102,4
1ha2.0
1M.7
1n1.4
10),1
10,5
im0
2.1
12,7
1IN, 4
1094
103,48
1ha
Jha &
104 4
NG |
1RC .

alh, AnD,
4pn, 26,

A4, T K47
ba b HT,Q
ARN,T RT.A
U),¥ HO.n
93,72 91,0
Gh A GP.0
UQ.O Q?’ﬂ
97,48 94,2
100,80 4yS, .4
102.3 97,1
105.7 49R,5
110,42 100,2
107,64 QR ¢
107, QA4
17, un,&
107.A Qn,§
107,17 WA,.8
107,R QR4
1R, T 9n, 7
106,58 au,p
110,33 Q9,7
111.72 Qu.KR
112.,0n 99,7
1172,A wy9,0
113,46 100,
11,0 100,23
tlhel 100,58
11%,9 1 00,+
Tlh,n t0p 8
117.« 11,0

Sample Output (Cont.)

Koo,
100,

~e,T
Az,0
PT.6
Re,7
91,1
92,1
Q2.9
O’.ﬁ
Q4,3
9.3
97,1
1605
n9,0
Q9,0
Q9,0
9.0
99,0
SQ,0
90,1
Q9,4
a9,
100,
1004
V00,6
100,90
101.1%
101,3
101.8
1m.7
T3

aan,
200,

6,7
“‘-n
R7,0
Qo.o
91,5
Q2.6
23,5
94.9
96,3
97 ,.R
100,08
103.2
101.]
101.}
101,.0
10,0
1n0,0
100,9
1h1.3
101,7
1021
102,
102,08
103,?
101.6
103,9
104,2
184,68
104,48
105,

AGn,
a0n,

64,7
Re 1
AR LA
N.1
93,0
Q4,5
L)
97.5
Q9,2
100,9
103.4
107.0
108,85
108,40
106,73
106,7
107,72
107.4
{0R,8
100,23
"n.?
111.0
111,%
112,46
113,.4
1141
114,909
118,7
11h,0
17,2



Subroutine Results

mode (new receiver phase
integrals, range period or
cycle distance, bottom grazing
angle) for propagating modes

RCOMP Environmental index, range steps,
range increment

A level 2 trace is instigated by setting the
value of DEBUG(2) = .TRUE. In this instance, debug output
(module by module) consists of:

INITAL Frequencies, bottom parameters,
volume loss, conversion factor,
tolerance levels, angle incre-

ments
EIGEN Geometric inéensities, {requen-
cies, adn, 2dn, Begn: Zups Beyps

ayp, eigenfunction values

TRACE Details of ray trace

COMPDW Source depths, depth normalized
eigenfunctions

DBTOIN Attenuation for each mode-freq.
combination

INTSUM For each mode, frequency, source

attenuated mode amplitude,
source weighting

Ii DEBUG(3) = .TRUE., a raw transmission loss
curve is printed. This curve is then inspected for dis-
continuities and smoothed, if necessary (see section on
subroutine SMOOTH). The smoothed transmission loss curve
is then printed.

DEBUG(4) and DEBUG(S) are, at present, inactive,.
3.2 ASEPS 1/0

All I/0 to ASEPTL is through labelled commons.
Four types of variables are passed:
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(1) User Specified Input - used by ASEPTL but
never modified

(2) User Set Input - logical variables set by the
user to indicate a condition (eavironment or
near-field bathymetry sector) which has not
been encountered on a previous run. Once the
condition is treated in ASEPTL, ASEPTL will
reset the logical variable so that in sub-
sequent encounters processed, saved (see
Type (3)) data will be used rather than re-
computed

(3) Processed Information - generated by ASEPTL
and required by ASEPTL for subsequent treat-
ments of either a given sound-speed profile,
receiver, or near-field bathymetry section.
The user needs to do nothing with this other
than have it available

(4) Output for the User - ASEPTL generated infor-
mation on propagation-loss for the user

The commons and variables described in Table 3-2 are all
that is relevant to the I/0 process. The following notes
refer to the "Add'l Notes" column in Table 3-2.

1. This block contains input and computed receiver-
relevant data. When a receiver is being treated
for the first in a series of tracks, FRSRCV
should be set = .TRUE. (It will be reset to
.FALSE. in ASEPTL after processing.)
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2. This common controls the near-field bathymetry
data (8 or fewer sectors) specified in terms
of the NFB slope intercept at zero range (not
necessarily the receiver depth), the slope
and its extent, and the bottom class on the
slope (with special option BC = 0 for perfectly
reflecting at all angles). Information for
this sector is computed and stored in /RCVNFB/.

3. This logical variable indicates whether (=.TRUE.)
or not (=.FALSE.) this is the first time this
NFB sector has been encountered. If it is,
the data in /RCVNFB/ will be computed and
FRSNFB set to .FALSE. If not the data will be
used.

4. This block contains computed receiver data
relevant to each near-field bathymetry sector
{(the index dimensioned 8). MUP and ATUP are
treated internally (once INFB has been set)
as two arrays MUPDN (2,25) and ATUPDN (6,2,25)
through subroutine calls to avoid the CDC
restriction on four-dimensional arrays.

This common contains the environmental de-

(4]

scriptors as they occur sequentially along

the track. The track is divided into "envi-
ronments,” I, beginning at RENV(I) and ending
at RENV(I+1) except for the last one - ] =
NENV which persists indefinitely - i.e., until
RMAX). A new environment occurs whenever the
water mass, depth, or bottom reflectivity
charges. ’
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10.

INDEX(I) is the index in the water-mass arrays
in /ENVS/ and /PRCENV/ for this enviromment.
Note that the water masses may be in any order
in these commons. INDEX(I) controls their
order along the track.

The variable dimensioned-20 ~ in this common
refers to a given water mass. When a water
mass is encountered for the first time a number
of properties of the modes will be computed

and stored in variables in /PRCENV/. When

this environment is encountered again these
stored parameters will be used.

IFPRE tells ASEPTL whether the mode properties
for this water mass are available (=.TRUE.)

or not (=.FALSE.) When a track is set up

for input to ASEPTL this should be set to
.TRUE. only if the corresponding mode infor-
mation is put into the corresponding parts

of /PRCENV/. ASEPTL will set to .TRUE. after
first processing.

This block contains the processed information
for each water mass (index dimensioned 20),
These data must be provided in the appropriate
location (INDEX(K) if IFPRE (INDEX(K)) =
.TRUE. Otherwise they will be computed.

This array is treated internally (for a given
value of INDEX) as a three-dimensional array
XPHINF (6,3,25) passed through subroutine calls
to avoid the CDC restriction on four-dimensional
arrays.
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11.

12.

13.

14.

This block contains the source depths and
frequencies for the TL computations. All
combinations (Zs*f) are computed. If ZS=O
two incoherent paths (at the surface) are
assumed for computing noise, equivalent to
60-foot incoherent TL(R). For future refer-
ence a shallow (~20 foot) coherent source
should probably be used but with modified
surface ship source levels. The ZS=O result
should be appropriate to present source
levels.

The user specified max range step between
computed values of TL(R) (suggested as ~30
miles) will be used except for the first
range interval from 1 nmi to the end of the
nearfield bathymetry sector. Here the step
might be larger.

The TL(R) computation might terminate before
RMAX (due to loss of energy, etc.) but never

beyond.

IEND will indicate the reason for terminating
the TL(R) computation as follows:

IEND Reason

1 Max range (RMAX) reached
within 0.5 nmi

2

Max number of range points
(NRMAX) reached
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IEND Reason
3 All modes attenuated below
threshold
4 Upper-bound on best possible

TL exceeded (irreversibly)

5 Computed TL exceeds TLMAX
from last range on.

The Input and Output from a user-oriented point of view are
summarized in Tables 3-3 and 3-4, respectively.
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TABLE 3-3
INPUT SUMMARY

ZR
THBRC
FRSRCV Set = ,TRUE. First Time (ASEPTL sets = ,FALSE.)
If FPRSRCV = ,FALSE. Make Available
MMIN, THR, DSTHR
INFB
ZNFBZ{INFB)
THNFB( INFB)
RNFB( INFB)
IBCNFB( INFB)

PRSNFB(INFB) Set = .TRUE. For First Treatment of Sector
(ASEPTL sets = .FALSE.)

If FRSNFB(INFB) = .FALSE. Make Available
MUP(1,INFB), ATUP(1,INFB)
NERV
INDEX(I), X=1, NENV
RENV(I), DEP(I), IBC(I), I=1, NENV
NZC( INDEX(I})
ZE(J,INDEX(I)), J=1, NZC{INDEX(I))
CEJ, INDEX(I1)), J=1, NIC(INDEX(I))
YVHTE( INDEX(I))

IFPRE(INDEL(1)) Set = .FALSE. For First Treatment ¢f Vater
Mass (ASEPTL sets » .TRUZ.)

- . . . ’ . B
e . :
PRTIPr . . . -
A g . .
o, e L . - - E3 .

1f IFPRE = .TRUE. Make Avallable
MSURF( INDEX( 1) )=w-e-SURFLS(1,!, INDEX(J))
MMAX
NZS
NF
SS(Ki, K=}, NZS
F(KY, Kel, NF

- g

i

AET A
Lt

NRMAX
CRMAX
RMAX

B N B
S
!
[
o




TABLE 3-4
OUTPUT SUMMARY

IR

IEND

RANGE(I), I=1, IR

AMPM(I,J,K), K=1, NF; J=1, NZS; I=1, IR
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3.3 SUSPENDED RECEIVER OPTION

While ASTRAL is designed primarily for predictions
for bottom-mounted receivers, a suspended receiver over a
locally flat bottom may be invoked by proper setting of the
following input parameters:

In RCVIN
ZNFBZ Set to water depth at receiver
THNFB Set to < - 1.5 (e.g. -2.0)
RNFB Set to 2.0
IBCNFB Irrelevant

In TRAKIN
THBRC Set to < - 1.5 (e.g. -2.0)

By setting THNFB < - 1.5 the front-end ray trace is skipped
and the depth functions are computed assuming the water depth
is = ZNFBZ.

Note - this will over-ride the dep;h specified for the first
environment (DEP (1)) in computing the loss at 2 nm. DEP (1)
will be used from 2 nm to the next depth change. By setting
THBRC < - 1.5 all modes are included. Note that THBRC is

used after the ray trace (which is done for all ray up~ and
down-going ray-equivalents :xplicitly by skipping) to eliminate
rav-equivalents shallower than the assumed immediate slope.
Hence, for example if NFB = -2, but THBRC = 0.0 only the paths
leaving the receiver at posltive angles will be included.

For a suspended reciever over a locally sloping
bottom, the local slope should be defined by ZNFBZ,THNFBZ,
etc., in RCVIN, and THBRC set < - 1.5.
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. R . - . . )

Finally, there are instances when a receiver may
be bottom-mounted but the user wishes to include interface
effects. This may be done for some cases, approximately,
by use of the existing input options. If the receiver was,
in fact, at the zero-range depth of the near-field or local
slope (i.e. if ZR=ZNFBZ), then by suspending the receiver
a small distance above the slope (e.g. reset ZR to ZNFBZ -
10 ft. and set THBRC <- 1.5) paths downgoing into the
slope will be reflected immediately (with losses governed
by IBCNFB). This approach cannot be used if ZNFBZ is
substantially different from ZR. A preferable approach is
to add an effective vertical "beam pattern' at the receiver
(in terms of O6g) directly into the code in subroutine SLOPE.
This allows all the flexibility of the present approach plus
a receiver response independent from the near-field re-
flectivity.
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OFFICE OF NAVAL RESEARCH
875 NORTH RANDOLPH STREET
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{N REPLY REFER TO:

5510/1
Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

A & =X,
BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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